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The yields of the 16-membered-ring intramolecular cycloaddition products, p-truxinate (4) and 6-truxinate (5), can be 
greatly increased by making use of the hydrophobic or entropy-driven forces in aggregating media. 

The formation of a macrocyclic ring from a flexible chain 
demands a formidable price in terms of entropy,2J and 
chemists have resorted to energetically highly favoured 
reactions between the end-groups in order to synthesize 
large-ring compounds.4--9 However, a new approach could be 
to use forces which will greatly reduce the entropy expense. 
Recently we demonstrated that the two ends of a long-chain 
molecule can be forced to interact by making use of the 
entropy-driven hydrophobic-lipophilic forces. 10-12 Here we 
report the first successful attempt at applying this concept to 
the preparation of a macrocyclic compound, and of demon- 
strating that hairpin-looping in hydrophilic or aggregating 
media is an entropy-driven process. 

In acetonitrile , Kuzuya and Williams13714 have achieved an 
intramolecular [2 + 21 cycloaddition of the 172-dicinnamoxy- 
ethane (1) and the 1,lO-dicinnamoxydecane (2) to yield the 
p-truxinates (3) and (4) as cis-adducts, and the 6-truxinate ( 5 )  
as a trans-adduct (Scheme 1). Their yields were good for (3) 
(90%) but very poor for (4) and (5)  ( 6 7 % ) .  We have now 
made a systematic investigation of the effects of hydrophilicity 
of the media on the yields15 and rates16 of this intramolecular 
cycloaddition. The nine organic solvents chosen to form 
HZO-organic mixtures were (listed in the order of increasing 
lipophilicity)l7: HOCH2CH20H (EG) , Me2S0, MeOCH2- 
CH20H (MEC) , dimethylformamide (DMF), dioxane (DX), 
MeCN, acetone, EtOH, ButOH. 

Table 1 shows that solvophobic forces have indeed played a 
major role in the formation of macrocyclic compounds. 
Comparing the total yields of (4) and (5 )  at the same 
composition @, they generally decrease with increasing 
lipophilicity (Zf)17 of the organic co-solvent. With the same 
solvent mixture, e.g. Me2SO-H20, the yields increase with 
increasing hydrophilicity , i. e . ,  decreasing lipophilicity or Q, 
values, of the media. Yields in MeCN, acetone, EtOH, and 
Bu'OH (data for the last three not listed in Table 1) are similar 
at all Q, values. Thus when the lipophilicity of the media 
reaches a certain level, e.g., that of MeCN, the yield of 
large-ring intramolecular cycloaddition is no longer depen- 

dent on hydrophobic forces. The most pleasing result is that 
the yields can be raised to 78% in EG-H20 and to 90% in 
Me2SO-H20. 

However, in comparing the two solvent systems MeCN- 
H20 and Me2SO-H20 at @ = 1.0 and 0.3, it was found that 
the yields (84--87%)t and rates of formation ( k  = 0.03 to 0.04 
min-I)? of the 'small-ring' adduct (3) from (1) are practically 
unaffected by the great differences in solvent aggregating 
power or hydrophobicity. Evidently, the intrinsic reactivity of 
this photochemical reaction is essentially independent of the 
nature of the medium. This means that conventional kinetic 
methods could be applicable to the study of the reaction (2) -+ 
(4) + (5 )  and the measured rate constants of the formation of 
(4) + ( 5 )  in Table 2, i.e., k(4) + (5), could be a direct reflection 
of the thermal conformational (coiling) processes which are 
highly dependent on hydrophobic forces. Possibly, pre- 
association of the reacting groups12.18 could very well be 
involved and be rate-determining. 

In fact, our results (Table 2) are fully consistent with the 
above-mentioned hypothesis and in a more than just qualitat- 

Table 1. Total yields ("/a) of (4) and ( 5 )  in six aquaorgano solvents of 
various compositions (a = graded volume fraction of the organic 
component).a 

a EG Me,SO MEC DMF DX MeCN 
1 .o 21 16 12 9 11 5 
0.6 50 31 30 27 18 14 
0.5 72 68 42 29 21 12 
0.4 71 73 45 29 24 11 
0.3 78 90 48 39 26 18 

a The yields were quantitatively measured by h.p.l.c., with an 
experimental uncertainty of 5%.  The pure products (4) and ( 5 )  have 
been isolated. The concentration of (2) was 8.3 x 10-6 M. 

t At  34"C, [(l)] = 4.3 X l O - 4 ~ ,  erroris +5%. At 19"C, [(l)] = 2.8 X 
10-4 M, error is k 10%. 
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Table 2. The rate constants k a  and activation parameters AH* and AS$ for the formation of (4) + ( 5 )  at composition @ in 
Me2SO-H20 and DX-H20. 

Me2SO-H20 
AHY 

@ klmin- * kcal mol- * 
0.60 0.032 8.8 k 0.5 
0.50 0.061 8.5 k 0.6 
0.45 0.12 - 
0.40 0.31 9.2 k 0.6 
0.35 0.37 
0.30 0.67 9.1 k 0.5 

- 

ASY 
cal mol-l K-’ klmin ~ 1 

-5.53 k 0.38 0.0029 
-3.99 k 0.29 0.0034 

- 0.0050 
-0.77 k 0.11 0.0069 

- 0.0093 
1.10 k 0.12 0.011 

DX-H20 
AH$/ AS1 

kcal mol-1 calmol-* K-l 
8.7 k 0.3 
9.0 k 0.6 

8.9 k 0.5 

8.9 k 0.6 

- 10.6 f 0.6 
-9.74 k 0.71 

-9.45 L 0.62 

-8.23 L 0.45 

- - 

- - 

a The rate constants were determined by h.p.1.c. at 34 “C. The experimental uncertainties are ca. 8.5% for k .  1 cal = 4.184 J 
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( 3 )  n = 2  
( 4 )  n = l O  

( 5 )  n = l O  

Scheme 1 

ive way. For example, in the Me2SO-H20 system in the 0 
range of 0.30-0.60, k is actually linearly related to the solvent 
aggregating power, i.e., log k = -4.8 @ + 1.2 ( r  = 0.985). 
More notably, while the AH$ values are not much affected by 
changes in 0, there is a linear dependence of AS+ on 0, i.e., 
A S  = -23.10 + 8.1 ( r  = 0.991; AGZ = 5.50 + 7.1, r = 
0.986).$ As Table 2 shows, from 0 = 0.6 to 0.3, A S  increases 
from -5.5 to + 1.1 cal mol-1 K-1. In other words, we have 
apparently monitored an entropy-favoured process. The 
present results, therefore, could be a rare piece of evidence for 
the idea that self-coiling in aggregating media, just like 
aggregation, is an entropy-favoured process. 10a719 
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